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Abstract—Compressor play the prominent role of the 
compressed air system. If The compressor find the trouble 
itself, then air supply to production line will be terminated. 
One of the big problem of Compressor ZR 5  take place on 
intercooler.Intercooler is the compressor component which 
function to cool compressed air inside the compressor so 
that the compressor  will not be overheated. If overheated 
happens,then the alarm on compressor display will show 
“High Air Temperature on LP Element 
Outlet”.Consequently, the compressor will shut down 
automatically & must be replaced by other standby 
compressor.Even intercooler routine maintenance is already 
performed periodically refer to maintenance manual itself, ( 
running hour/time based), however  this alarm indication 
frequently  shown pior to entering next period of 
maintenance schedule. PM Analysis (field observation) & 
root cause Analysis implementation lead to the cause of  the 
alarm indication. They consist of: low flow rate of cooling 
water that caused by  stuck strainer (filter) on the pipe line, 
imperfect contact between cooling water  and compressed 
air due to poor quality of cooling water, Delay on Detection 
problem  and lack of skill to analyse alarm trouble data. The 
proposed countermeasure will be provided as follows : 
relocate strainer position so that easy maintenance could be 
executed, to modify new pipe line with new cooling water 
source (from treated reuse water to public water) with more 
compliance  to water requirement, Introduction of stochastic 
method  (replacement & inspection model) to predict 
effective inspection, cleaning and replacement of 
intercooler, maintenance management training provision 
including  diagnostic problem and  water cooling system 
maintenance of compressor. However, the countermeasure 
mentioned above only to encounter abnormality found at the 
time of observation to compressor cooling water system. By 
applying combined RCM & RBI method, other potential 
cause that might result in the same problem could be 
identified, so that the problem will not be recurrence. The 
countermeasure (corrective action) & preventive action 
need should be  analised  for the pros & cons (cost & benefit 
analysis) so that this activity will provide important 
information for management. Based on the CBA, this 
activity will provide payback period for 3 months. The 
activity will involve external party (contractor) to perform 
corrective action & internal party (operator member) to 
conduct maintenance task as already scheduled. 
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I. INTRODUCTION 
 
Energy is the part of main resources needed by 
human life especially for their own activity. They exist 
in some form, for example water,electric,gas,steam 
and the last : air.Air is the main energy that human 
consume everyday.Afterwards air also could be 
utilized for  human activity especially for production 
activities.PT TMMIN Sunter 1 Plant, one of the 
largest automotive engine  manufacturer in Indonesia 
located in North Jakarta,Indonesia, utilize air energy 
to operate machine that adopt pneumatic technology 
such as drilling,milling.It is also used for pneumatic 
drill to assembly engine  after machining  process 
completed.If  air supply stop/terminated, then many 
defect happened on machine such as drill tap will got 
stuck on engine component, low pressure on screw 
driver as pneumatic tools that will result in low torque 
for bolt tightening.In order to avoid this problem, the 
compressed air system as the air supply facility must 
be  well maintained.This will be responsibility of 
Utility Department as Energy supply coordinator in 
Sunter 1 Plant. Compressor, as the main part of 
compressed air system, is compressed air generator 
that intake ambient air & compressed it into the tank 
so that it  could be distributed to other consumer.There 
are many kinds of compressor that sold in industrial 
market.One of the most popular compressor is rotary 
type. PT TMMIN Sunter 1 plant also operate various 
type compressor,including rotary type, namely ZR 
Compressor. In day-to-day operation, many problem 
found on it.One of the most popular problem lies on 
intercooler component.Intercooler is part of 
compressor that function to cool compressed air inside 
compressor so that overheating wil not occur. In other 
words, water as cooling media absorb heat energy 
contained on compressed air & release this energy to 
ambient air by cooling tower.  
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 If overheating happened, then alarm indication is 
shown on display panel. Content of alarm indication 
shown on display panel & related to intercooler 
problem could be shown as follows : 
 
 
 
 
 
From diagram shown , It is  “High Air temperature on 
LP Element outlet” frquently happened on 
Compressor. Consequently, the compressor will shut 
down automatically & must be replaced by other 
standby compressor.Even intercooler routine 
maintenance is already performed periodically refer to 
maintenance manual itself, (running hour/time based), 
however  this alarm indication frequently  shown pior 
to entering next period of maintenance schedule. 
 
II. BUSINESS ISSUE EXPLORATION 
 
A. Conceptual Framework  
In finding the root cause of the problem, conceptual 
frame work needed to develop. One of the proposed 
best method is Problem solving approach. The 
sequence of problem solving here could be shown for 
the following : 
 
 
 
 
 
 
 
 
 
 
 
 
 
B. Method of Data Collection and Analysis 
To support the framework, data collection gathered 
from field thorugh observation, record study & 
interview with operator.Scope of observation is limited 
to compressor cooling water system which intercooler 
is part of the system. Observation start from 
performing PM Analysis of cooling water system. PM 
stands for “Phenomena are phyisically analyzed then 
mechanism of phenomena & equipment analyzed & 
understood; relationship between Machine, Material, 
Man & Method are pursued”. 
[Shirose,Kunio,1999:36]. This method used to identify 
abnormality found on each process. To begin with, 
draw process flow of compressor cooling water system 
then  perform observation from the finish process and 
tracebackward until the beginning process.Schematic 
diagram of process flow of compressor cooling water 
could be shown as follows: 
 
 
 
 
 
 
 
 
From the figure of  process flow,observatiion begin 
on hot water cooling (Cooling Tower). At this stage, 
Observation has no finding and scope of observation 
include: springkler head, pump, water tray, human skill 
& inspection method. 
At intercooling process, observation on intercooler 
itself found that some mud cover the outer tube of 
intercooler.Exploration on  data of mud disposal, 
especially while performing cleaning activity, show 
that significant volume increase of mud disposal result 
from cleaning activity.This can be figured it out for the 
following : 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
Observation on material composition showed that 
quality of water incoming into intercooler does not 
meet required quality.This could be seen on quality 
suspended solid for the water for the following : 
 
 
Fig. 2.5. Suspended solid on intercooler 
Fig. 2.4. Mud Waste disposed  
Fig. 2.3. Dirty Strainer 
Fig. 2.2. Compressor Cooling Water Process Flow 
Fig. 2.1. Conseptual Framework 
Fig. 1.3. Kind of Trouble Alarm Compressor ZR5 
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Observation of Inspection & Cleaning method on this 
process shows that delay happen to clean intercooler 
after the alarm sound.This result from shortened 
cleaning period from average 4000 to average 2000 
hours. Figure of this matter for the following : 
 
 
 
 
Observation on cooling water pump, as part of 
intercooler process, found that some foreign matter 
stuck on strainer (filter component of pump 
system).While confirm to operator,they are unable to 
clean strainer due to limited access on height  
 
 
 
 
 
 
 
 
 
 
Observation on cooling water storage found 
abnormality on water condition.It looks so dirty & 
solid content on water quality is higher than required 
for intercooler. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Observation on reuse water storage show the same 
problem as cooling water storage process;high solid 
content on water quality. By visual checking,  reuse 
water inside tank looks dirty. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Observation on hardening & filtering process, found 
that tank under corrosion & calcium carbonat as 
parameter of metal content in water is over value than 
standard. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
However, while observing raw water tank as raw 
material for reuse water , no abnormality found on this 
process. So it could be concluded that abnormality 
found from reuse water process to cooling water 
storage. Based on this fact, so it can be constructed the 
root cause diagram. 
 
C. Analysis of Business Situation  
To construct cause and effect diagram, create 
relationship among abnormality found on PM analysis 
then asking more why this matter  could be happened. 
To validate this matter it is needed to prove each causal 
Fig. 2.12. Solid content on reuse water 
Fig. 2.13. corrosion on filter 
Fig. 2.14. calcium content on filter 
Fig. 2.10. Solid content on cooling water 
Fig. 2.9. Cooling water condition 
Fig. 2.7. Dirty Strainer Fig. 2.8. Strainer on high place 
Fig. 2.6. Running hour Achievement of Compressor  
Fig. 2.11. reuse water tank condition 
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factor by multivariate analysis. Figure of cause & 
effect diagram of Trouble Alarm”High air temperature 
on LP Element” on intercooler increase can be shown 
for the following : 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
From the cause and effect diagram shown above , it 
could be concluded that the root cause of problem 
come from : 
1. Low flow rate of cooling water inside 
intercooler,this is due to foreign matter 
stucked on strainer & no maintenance on 
strainer due to limited access. 
2. Poor contact between cooling water & 
intercooler due to poor quality of water 
3. Delay on periodic cleaning of intercooler due 
to unavailable method to predict 
inspection,cleaning and replacement period 
4. Lack of knowledge to predict 
inspection,cleaning & replacement period 
 
III. BUSINESS SOLUTION 
a. Alternative of Business Solution  
For each root cause found some alternative will be 
offered for the problem solution .Here are some 
solution alternative of each the root cause: 
1. No maintenance on strainer could be solved 
by provided access to the strainer 
position,unfortunately this method still unsafe 
due to narrow location & hard to implement 
job.Another alternative is to relocate strainer 
next to cooling water pump.This alternative 
is feasible due to easy implementation, safer, 
& easy maintenance.  
2. Poor quality of water could be handled by 
repairing corrosive tank that contribute to 
incremental of solid content of 
water.Unfortunately, this method is more 
expensive and more safety concern on 
maintenance implementation. Another 
alternative is to make new source of water 
(public facility) and modify pipe line.This 
alternative is more feasible due to  cheaper 
operating cost & good water quality. Besides 
it takes only cheaper investment 
3. Unavailable method to predict 
inspection,cleaning & replacement period 
could be solved by applying stochastic 
model.This result in maintenance plan for 
inspection & cleaning period 
(Duffuaa,Raouf,1999:35) 
4. Lack of knowledge could be handled by 
internal training after developing 
stochastic model for data analysis 
This countermeasure is not enough to assure that the 
same problem will not be recurrence.Alternatively, it is 
needed to propose preventive action by performing 
combined RCM & RBI to identify function,failure 
mode & effect analysis & calculate risk of intercooler. 
The table of RCM Intercooler could be shown as 
follows : 
 
 
Part Name Part Function 
Functiont 
failure 
Direct 
cause 
Failure 
Mode 
Failure 
Effect 
Intercooler 
To cool 
compressed 
air from LP 
element to 
HP 
Element 
High Air 
temperature 
on LP 
Element 
Pipe 
covered 
by scale 
High 
content of 
calcium 
carbonat 
Scratch on 
teflon HP 
Element 
High water 
temperature 
of cooling 
water 
Out of 
service of 
cooling 
tower fan 
Rupture 
on fan belt 
Overheating 
on HP and 
intercooler 
Out of 
service of 
cooling 
tower 
pump 
Burnt 
motor, 
worn out 
bearing 
Out of 
service of 
cooling 
tower 
Sprinkler 
Worn out 
sprinkler 
bearing 
Low air 
pressure on 
HP 
Element 
Leak on  
intercooler 
tube 
Worn out 
intercooler 
tube 
Water fflow 
into HP will 
result stuck 
 
Each failure mode of  intercooler then should be 
evaluated for the probability (table 3.2) & severity 
factor (table 3.3.) using RBM method proposed : 
 
 
 
 
Failur
e 
Mode 
Failure 
indicato
r (IK) 
Detectio
n Method 
(DK) 
Measure 
Equipment 
(AK) 
 
Detection 
Timing 
(WK) 
Dete
ction 
Skill 
(SD) 
Failure 
Rate 
(FK) 
High 
Calciu
m 
conten
t on 
water 
TDS 
(Total 
dissolve
d solid) 
Measure Conductivi ty meter 
On 
operation poor 
0.001/yea
r 
Ruptur
e on 
fan 
belt 
Crack Visual Visual On shutdown poor 
0.001/yea
r 
Burnt 
motor 
Vibratio
n Measure 
Accelerom
eter 
On 
operation poor 
0.002/yea
r 
 
 
 
 
 
Table 3.1. RCM Intercooler 
Table 3.2. RBI Probability Factor Assessment 
Fig. 2.15. Fishbone Diagram for Intercooler problem 
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Fail
ure 
Mod
e 
Failure 
indicator 
(IK) 
Detectio
n 
Method 
(DK) 
Measure 
Equipme
nt (AK) 
 
Detectio
n Timing 
(WK) 
Dete
ction 
Skill 
(SD) 
Failure 
Rate 
(FK) 
Wor
n out 
sprin
kler 
beari
ng 
vibration Measure Accelerometer 
On 
operation poor 
0.001/
year 
Wor
n out 
inter
cool
er 
tube 
None Leak Test None 
On 
shutdow
n 
poor 0.002/year 
 
 
Failure 
Mode 
Qualit
y 
Impact 
Cost 
Impact 
Delivery 
Impact 
Safet
y 
Impa
ct 
Enviro
nment 
Impact 
High 
Calcium 
content 
on water 
Machi
ne 
Defect 
Repair or 
replaceme
nt 
Stop 
machine 
but not 
affect 
producti
on 
No 
injur
y 
No 
spill, 
leak or 
smoke 
Rupture 
on fan 
belt 
Machi
ne 
Defect 
Repair or 
replacem
ent 
Stop 
machine 
but not 
affect 
producti
on 
No 
injur
y 
No 
spill,le
ak or 
smoke 
Burnt 
motor,wo
rn out 
bearing 
Machi
ne 
Defect 
Repair or 
replacem
ent 
Stop 
machine 
but not 
affect 
producti
on 
No 
injur
y 
No 
spill, 
leak or 
smoke 
Worn out 
springkle
r bearing 
Machi
ne 
Defect 
Repair or 
replacem
ent 
Stop 
machine 
but not 
affect 
producti
on 
No 
injur
y 
No 
spill, 
leak or 
smoke 
Leak on 
intercool
er tube 
Machi
ne 
Defect 
Repair or 
replacem
ent 
Stop 
machine 
but not 
affect 
producti
on 
No 
injur
y 
No 
spil, 
leak or 
smoke 
For the result, the evaluation of both factor will be 
evaluated for the risk as follows: 
 
 
 
 
Failu
re 
Mod
e 
Probability Factor Severity Factor 
Ris
k IK 
D
K 
A
K 
W
K 
S
D 
F
K 
Q C D S E
High 
calciu
m 
content 
on 
water 
1 1 1 1 3 2 3 2 2 1 1 Medium 
Ruptur
e on 
fan belt 
1 1 1 1 3 2 3 2 2 1 1 Medium 
Burnt 
motor, 
worn 
out 
bearing 
1 1 2 1 3 2 3 2 2 1 1 Medium 
Worn 
out of 
sprinkl
er head 
bearing 
1 1 2 1 3 2 3 2 2 1 1 Medium 
Worn 
out of 
interco
oler 
tube 
3 2 2 2 3 2 3 2 2 1 1 Medium 
 
From the analysis, it could be found that: 
1. Temperature of Cooling water is also other 
parameter that should be monitored. This could be 
seen from RCM Intercooler table, at the column 
function failure.This abnormality caused by  
problem on cooling tower (rupture fan belt, broken 
cooling tower motor, bearing & springkler). The 
risk evaluation for each failure mode: Medium. 
Even on PM Analysis no abnormality found on the 
cooling tower system,but considering the risk 
value, this should be done properly. 
2. This parameter should be included on maintenance 
plan that also found on countermeasure. 
 
b. Analysis of Business Solution  
 
From the evaluation of business 
alternative,conclusion could be made for the following: 
1. Countermeasure as part of problem solution will 
result in improvement that need money to be 
expended. They can be considered as new 
investment activity: Strainer relocation  and pipe 
modification of new public water source.Another 
countermeasure will be considered as preventive 
maintenance program such as strainer cleaning, 
intercooler cleaning, water cooling pond periodic 
inspection and cleaning also  intercooler cleaning 
and replacement. 
2. Combined RCM & RBI will complete the schedule 
of preventive maintenance program,and this will be 
part of cost that should be maintained every year. 
3. Benefit cost Analysis must be performed to ensure 
the feasibility of the project.The cost expended for 
investment activity :Rp103,500,000.00 & benefit 
earned from the activity consist of : 
1. Benefit from cost reduction of source water 
type (reuse to public water) :  
Rp24,162,900.00/year 
2. Benefit from cost reduction of maintenance   
Rp2,511,299.495/year 
3. Benefit from cost reduction of waste disposal 
Rp2,678,552.4/year 
4. Benefit from preventing production lost 
Rp436,250,000.00/year 
Total benefit per year: Rp465,602,751.895/year  
So the payback period will be reached for 3 months. 
 
IV. CONCLUSION & IMPLEMENTATION 
PLAN 
Up to this point, the conclusion of the project is for 
the following: 
1. Application of combined RCM & RBI will complete 
the preventive maintenance program that developed 
from stochastic method (intercooler).Stochastic 
method (especially for intercooler) focus on the 
Table 3.4. RBI risk Evaluation 
Table 3.3. RBI Severity Factor Assessment 
Table 3.2. RBI Probability Factor Assessment(cont’d) 
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component failure while while combined RCM & 
RBI will seek for another potential problem related 
to system failure. 
2.  Application of combined RCM & RBI will not 
affect the maintenance cost as long as other benefit 
could be compensated for this program 
Improvement of the infrastructure will be executed by 
external party (contractor) whilst preventive 
maintenance program must be handled by internal 
party (operator member).Execution will start from 
January 12 up to December 2012. 
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